A single amino acid change in protein synthesis initiation factor 4G renders cap-dependent translation resistant to picornaviral 2A proteases.
Infection of cells with picornaviruses of the rhino-, aphtho-, and enterovirus groups causes a shut-off in cap-dependent translation of cellular mRNAs but permits cap-independent viral RNA translation to proceed. This shut-off is thought to be mediated in part by the proteolytic cleavage of eukaryotic initiation factor 4G (eIF4G), although there is evidence to the contrary. Cleavage of eIF4G results in the separation of the eIF4E-binding domain from the ribosome- and helicase-binding domains of the factor, thereby limiting the ability of eIF4G to function in cap-dependent recruitment of mRNAs. Previously we determined the cleavage site within eIF4G targeted by the 2A proteases from human coxsackievirus serotype B4 and human rhinovirus serotype 2 using highly purified eIF4F and recombinant proteases. To examine further the role proteolysis of eIF4G plays in shut-off of translation, we altered the 2A cleavage site in human eIF4G by site-directed mutagenesis. Strikingly, the replacement of one amino acid at the 2A cleavage site resulted in a protein that is approximately 100-fold resistant to cleavage by coxsackievirus 2A protease and 10-50-fold for rhinovirus 2A. Alteration of the cleavage site had no effect on factor activity since the variant was just as active as wild-type eIF4G in restoring cap-dependent translation to an in vitro translation system depleted of endogenous eIF4G. Furthermore, the presence of the variant form of eIF4G rendered in vitro translation reactions resistant to the 2A protease-mediated inhibition of cap-dependent translation initiation. These results support the model that 2A proteases inhibit cap-dependent translation through direct proteolysis of eIF4G.